In the paper some results of studies on the karstic aquifers of the western plain of Cuba are presented and discussed. The intensive exploitation of these aquifers for agriculture use and drinking water supply induces an increase of marine water intrusion, water salinisation and a progressive increase of chemical corrosion with a greater dissolution of carbonates. During the period of study (1983)(1984)(1985)(1986)(1987)(1988)(1989)(1990)(1991)(1992)(1993)(1994)(1995)(1996)(1997)(1998) a trend in the deterioration of water quality was observed by means of a chronological series of hydrochloride content.
Introduction
Carbonate aquifers are dynamic geochemical systems in which rock -water interactions occur continuously (Hanshaw and Back, 1980) . The belt formed at the mixing of fresh and sea water is the chemically most active part of the system.
The intrusion in the fresh karst water of salt water from the sea causes a mixing process of the two waters, which differ in their chemical and physical behaviour. Among the more significant changes which occur when two waters of different nature are mixed, there are the following: incongruent dissolution of mineral caused by common ion effect, precipitation of ferric minerals caused by the formation of more oxidizing mixture, increase or decrease of the solubility caused by changes in pH, increase of carbonate solubility caused by saline or ionic strength effect, increase of chemical dissolution of carbonates caused by mixing corrosion effect, dolomitization or de-dolomitization and ion exchange processes.
The kinetics and geochemical aspects of the coastal fresh-salt water systems in the particular case of the karstic aquifers at different regions under different climatic conditions were studied: Florida and Yucatan (Back and Hanshaw, 1981; Back et aI., 1986; Plummer, 1975) ; Apulia, Italy (Cotecchia; 1979) ; Mallorca and Menorca, Spain (Herman, Back and Pomar, 1986) ; Western Cuba (Arellano et aI., 1989 , Fagundo et aI., 1993 , 1998 Morell et aI., 1997 and Gonzalez et aI., 1996; 1998) .
In all the above mentioned cases human impact affects both hydro-dynamical processes and calcite dissolution-precipitation processes.
Although apparently slow, these undesirable changes in processes on the karst coastal aquifers have irreversible effects on the water quality used for the plant irrigation and drinking water supply.
The aim of this paper is to show the rapid changes of water quality and of chemical corrosion processes in the karstic coastal aquifers of western Cuba, caused by human impact.
Geochemichal process in coastal karsic aquifers

Carbonate dissolution-precipitation process
A detailed explanation of the conditions of saturation, subsaturation and oversaturation with reference to dissolved calcite, and the basis of the changes in the equilibrium of dissolution-precipitation of carbonates were given by Custodio (1986) as a function of the following effects: a) common ion effect: Ca+ contributions to the carbonate dissolution allow a medium, previously saturated with calcite or dolomite, to exceed its solubility product, thus giving rise to carbonate deposits. b) Ionic change effect: the Ca+ and Mg+ concentrations affected by clay exchanges originate Na+ and other elements. This effect can be appreciated only in slow now conditions. c) Ionic strength or saline effect: an increase of the ionic strength (1-1) due the mineralization increase cause a decrease of the calcium ion activity coefficient (y) The dolomitization can be a common process in a coastal karstic aquifer by the higher Mg 2 + contents of the seawater. This process can be written as follows:
Redox process
There is much reduction-oxidation processes in nature. The oxygen consumption in a karstic aquifer may react with any reduced substance in the aquifer sediment, such as organic matter or Fe 2 + bearing minerals like pirite. For the oxidation of orga-nic matter can be written:
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The above process increases the dissolution of calcite in natural condition of the aquifer. By human impact (organic waste disposal) this effect is much more emphasised.
Another interesting redox process in coastal karstic aquifers is the sulphate reduction. Sulphate from the sea can be reduced by organic matter by means of biogeochemical process catalysed by anaerobic bacteria of the genus Desuljovibrio (Bitton, 1994) according to the overall reaction:
Where: CH 2 0 represents the organic matter. The H 2 S produced can react with the Fe 2 + -oxides in the sediment and form iron sulphate minerals (Appelo and Postma, 1993) . This type of geochemical process is very common at the southern karstic plain of the western of Cuba where lagoons and swamps exist along the coastal line (Gonzalez et. aI., 1998).
Adsorption and ion exchange
Although this process is more common in alluvial aquifers, adsorption and ion exchange occours also in karstic aquifers (Custodio, 1986; Pulido-Bosch et. aI., 1993) . The reaction can be expressed as: R 2 Ca + 2 Na+ = Ca 2 + + 2 NaR Fresh water in coastal terrain is dominated by the Ca 2 + and HC0 3 -ions, as a result of dissolution of calcite, while in sea water, Na+ and Cr are the dominant ions. Sediments in contact with sea water often adsorb Na + for large part (inverse exchange).
Geographical, geological and hydrogeological framework
Western karstic plain ( Fig. 1 ) is an example of the more widespread morphological landscape throughout the territory. It is developed on Paleocene -Pliocene carbonate terrigenous and transgressive limestone packages. On such sequences there is a Pliocene -Quaternary developed karst, with great capacity and high transmissivity aquifers, with open seaward discharge.
According the karstification degree of the limestone, the transmissivity of the aquifers change from 5000 m 3 /d to 50,000 m 3 /d to. The storage coefficients change from 0.03 to 0.2. Such high transmission capacity is due to the high primary porosity of the rocks, the increasing of the fracturing and the intense karstification, specially in terms of the accelerated corrosion as a consequence of the mixing of fresh and sea waters in the coastal belt. In such aquifers the marine intrusion usually reaches long distance inland.
According to Nunez Jimenez (1984) there are five plain karstic type in Cuba: I) naked karst, 2) karst covered by soils, 3) littoral karst in marine terraces, 4) thick fluvial and lateritic sediments and 5) coastal swamp karst (Fig. I) .
The wells chosen for this study were: Lopez Pena (L-I) and Los Palacios (P-I), at the southern plain of Pinal' del Rio Province; P 158 and P 165 (South Basin of Havana Province), and P224, P225 and P226, at the Varadero-Cardenas hydrogeolocic sector (Matanzas Province), all located at the western portion of the Cuban karstic plain.
4. Increase of the groundwater salinity in function of agriculture and population water supply demand
The groundwater extraction for agricultural purpose in some regions of the Cuban karstic plain is of the order of 3.5 m 3 /s, while for population supply is of 3.2 m 3 /s (Jimenez et aI., 1997). As a result of combined effect of the rain deficit and the increasing of water exploitation, the NaCI contents increased in the groundwater (Fig. 2) .
Similar overexploitation with poor precipitation was produced in other places of the plain (Pinar del RIo, La Habana and Matanzas). s. Chemical corrosion in the aquifer by mixing fresh and saline waters Mixing two waters with different CO 2 and ionic contents will result in subsaturation. The renewed aggressiveness in mixed waters may cause calcite dissolution, effect which has been called "mischungskorrosion"
in German literature (Bogly, 1978) .
With the aim to evaluate the effects of mineralization and ion strength (Il) on the decrease of the calcium ion activity coefficient (y) and increase of carbonate solubility (table 2), a mixture of different proportions (0-100%) of fresh and sea water was prepared in laboratory. The fresh water came from the Jaruco-Aguacate basin, located at great distance from the coast, in an aquifer developed on Miocene limestone. The sea water was sampled in the Atlantic Ocean. The ions contents (in terms ofTSS and EC) increase with the percent of see water in the mixture, while hydrocarbonate (yHCO) -) and calcium (yCa 2 +) activity coefficients decrease. The chemical corrosion ([Ca 2 +lchC> in terms of calcium (mg/l) removed from the aquifer by the waters has been calculated by the following equation: (1), (2) and (3) With the aim to test the above calculations two pairs of wells from different aquifers representative of waters with lower and higher salinity in the same basin at Pinar del Rio, Havana and Matanzas Provinces were chosen. The different behaviour of the wells is due to the local differences of the limestones composition, porosity and fissuration, to the location with respect to the coastal line and to the degree of water extraction for agricultural and population supply purpose. In the following tables (3-5), the mixture percent (Pm %) and the chemical corrosion ([CaC0 3 ]chc, mg/l) are shown for the studied period in the karstic aquifer open to sea at Pinar del Rio, Havana and Matanzas Provinces respectively.
In general, the quantities of CaC0 3 removed from the limestones in the three studied places of the western Cuban karstic plain are different, and a major increase of the chemical corrosion can be appreciate in those aquifers which have larger percent of sea water.
While the quantity of CaC0 3 removed from the limestone is similar in the Pinar del Rio and Matanzas wells, it doubles in the Havana karst, maybe due to the different lithological and tectonic characteristics of the aquifers.
The different CaC0 3 magnitudes in the Havana aquifers and in the Pinar del Rio Province aquifers can be related with the different nature of their catchment areas. In Havana area the runoff comes directly from precipitations, and the CaC0 3 is dissolved in an open system (with free COz), while in the area of Pinar del Rio the aqui- The additional role of the CO 2 contents in the chemical corrosion can be illustrated by the example of the P222 well at the Varadero-Cardenas hydrogeologic sector (table 6). In this place, a sugar cane factory spills its wastes directly through a ponor into the karst and therefore CO 2 contents are high.
The kinetics experiment carried out in laboratory (Table 7) , are coherent with the water underground behaviour. 
